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CRYSTALLIZATION AND PURIFICATION OF MACROLIDES 

FIELD OF THE INVENTION 

The present invention relates to the crystalUzation and purification of macroUdes, 
5 especially tacrolimus, sirolimus (rapamycin), pimecrolimus, and everolimus. 

RELATED APPLICATIONS 

The present application claims the benefit of the filing date of the following 
United States Provisional Patent Applications: U.S. provisional application Serial No. 
60/512,887, filed October 20, 2003, U.S. provisional application Serial No. 60/461,707, 
10 filed April 9, 2003, and U.S. provisional application Serial No. 60/459,591, filed March 
31, 2003, the contents of all of which are incorporated herein. 



SUMMARY OF THE INVENTION 

The present invention relates to a method for crystallization and pvirification of 
15 macrolides, especially tacrolimus, sirolimus, pimecrolimus, and everolimus, including the 
steps of: providing a combination of a macrolide starting material; a polar solvent, 
especially a polar solvent that is an alkyl ester of an alkanoic acid, an alcohol, an ether, an 
aliphatic ketone, an aliphatic nitrile, or a dipolar aprotic solvent; a hydrocarbon solvent, 
especially an acyclic or cyclic aliphatic hydrocarbon or an aromatic hydrocarbon (e.g. 
20 toluene); and water; at a pH of about 7 or above, especially about 8 or above; maintaining 
the combination at a temperature of between about -15°C to about SO'^C, preferably 
between about -5°C to about 40°C, most preferably between about -2°C to about 35°C for 
at least about 1 hour, preferably between about 48 to about 100 hours; and isolating 
crystalline macrolide. 

25 In another aspect, the present invention relates to a method for crystallization and 

purification of a macrolide, especially tacrolimus, sirolimus, pimecrolimus, or everolimus 
including the steps of: providing a concentrate residue from whole-broth extraction of 
macrolide-containing biomatter in a polar solvent, especially a polar solvent that is an 
alkyl ester of an alkanoic acid, an alcohol, an ether, an aliphatic ketone, an aliphatic 

30 nitrile, or a dipolar aprotic solvent; combining the solution, in any order, with water and a 
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hydrocarbon solvent, especially an acyclic or cyclic aliphatic hydrocarbon or an aromatic 
hydrocarbon (e.g. toluene), wherein the pH is about 7 or above, especially about 8 or 
above; maintaining the combination at a crystallization temperature for a crystallization 
time; and isolating crystalline macrolide. 

5 In a further aspect, the present invention relates to a method of crystallizing and 

purifying a macrolide, especially tacrolimus, sirolimus, pimecrolimus, or everolimus 
including the steps of: combining, in any order, an oil that is a concentrate obtained by 
concentrating a solution obtained by extracting macrolide-containing biomatter with a 
hydrophobic extraction solvent, e.g. butyl acetate; with a polar solvent, especially a polar 

10 solvent that is an alkyl ester of an alkanoic acid, an alcohol, an ether, an aliphatic ketone, 
an aliphatic nitrile, or a dipolar aprotic solvent; a hydrocarbon solvent, especially an 
acyclic or cyclic aliphatic hydrocarbon or an aromatic hydrocarbon (e.g. toluene); and 
water; wherein the pH is about 7 or above, especially 8 or above; maintaining the 
combination at a first crystallization temperature for a first crystallization time; and 

1 5 isolating crystalline macrolide. 

In any of the forgoing aspects, the combination can be, but need not be, 
maintained at a second crystallization temperature for a second crystallization time. 

DETAILED DESCRIPTION OF THE INVENTION 

As used herein in connection with a measured quantity, "about" refers to that 
20 variation in the measured quantity as would be expected by the skilled artisan performing 
or interpreting the measurement and exercising a level of care commensurate with the 
objective of the measurement and the precision of the measuring equipment being used. 

As used herein, ambient temperature refers to a temperature of about 18°C to 
about 25*" C. 

25 As used herein, "RN" refers to the registry number assigned to a chemical 

compound by the Chemical Abstracts Service, Colimibus OH, USA). 

The method of the present invention is applied to the crystallization and 
purification of macrolides from macrolide-containing starting material. The macrolides 
are multi-membered lactone rings having one or more deoxy sugars as substituents. 
30 Erythromycin, azithromycin, and clarithromycin are macrolides that have bacteriostatic 
and / or bactericidal activity. The macrolides tacrolimus (FK 506) and sirolimus 
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(rapamycin) are preferred macrolides for use in the practice of the present invention. The 
macrolides pimecroUmus (the 33-epichloro derivative of ascomycin; RN = 137071-32-0) 
and everolimus (40-O-(2-hydroxyethyl)-rapamycin; RN=159351-69-6) are also preferred 
macrolides for use in the practice of the present invention. 

5 The macrolides are typically obtained by fermentation, although synthetic routes 

to some are known. The macrolide starting material for use in the practice of the present 
invention can be from any source. Concentrate residue from concentrating the extract of 
the entire fermentation broth ("whole broth method") from macrolide-containing 
biomatter can be used as the macrolide starting material for the present method. Use of 

10 hydrophobic extraction solvent in the extraction to obtain solution to be concentrated 

results in an efficient extraction yield, leaving behind most water-soluble impurities, with 
removal of mycelium in one step. Concentration xmder reduced pressure at T > 25*^C and 
reduced pressure results in a high evaporation rate of solvent without precipitation or 
decomposition of macrolide and provides a macrolide starting material for use in the 

1 5 practice of the present invention. Concentrate residue for use as macrolide starting 

niaterial in the practice of the present invention can be obtained as described in United 
States Patent Application 10/366,266, pubHshed as U.S. 2003/01666924 Al and 
incorporated herein in its entirety by reference. 

Oily residue from macrolide-producing procedsses can also be used as starting 
20 macrolide starting material. 

Preferred macrolide-containing biomatter that can be a source of macrolide 
starting material for the practice of the present invention includes tacrolimus-containing 
biomatter, particularly fermentation broth obtainable by fermentation using a tacrolimus- 
producing microorganism, for example, Streptomyces tsukubaensis, new and mutated 

25 strains thereof, Streptomyces hygroscopicuSy and Streptomyces lividans, as described in 
United States Patent numbers 4,894,366, 5,1 16,756, 5,624,842, 5,496,727, and 5,622,866, 
all of which are incorporated herein by reference. Sirolimus-containing (rapamycin- 
containing) biomatter is also a preferred macrolide-containing biomatter. Sirolimus 
(rapamycin) can be produced by fermentation of Streptomyces hygroscopicus, NRRL 

30 5491, as described in United States Patent 3,993,749, incorporated herein by reference. 
Pimecrolimus-containing biomatter and everolimus-containing biomatter are also 
examples of preferred macrolide-containing biomatter for use in the practice of the 
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method of the present invention. Ascomycin-conyaining biomatter is also a preferred 
macrolide-containing biomatter for use in the practice of the present invention 

The method of the present invention employs, among other things, polar solvents, 
hydrocarbon solvents, and bases (alkali). 

5 Polar solvents are organic compounds, normally liquid at ambient temperature, 

that dissolve a macrolide, especially tacrolimus, sirolimus, pimecrolimus, or everolimus. 
Polar solvents useful in the practice of the present invention include esters, alcohols, 
aliphatic nitriles, acyclic and cyclic aliphatic ethers, aliphatic ketones, and dipolar aprotic 
solvents. 

10 Esters useful in the practice of the present invention have the general formula Ri- 

C(0)0-R2, wherein Ri is H or linear or branched CI -6 alkyl, and R2 is linear or branched 
CI -6 alkyl. Examples of esters include methyl acetate, ethyl acetate, w-propyl acetate, iso- 
propyl acetate, «-butyl acetate, /50-butyl acetate, methyl formate, w-propyl formate, iso- 
propyl formate, w-butyl formate, and iso-hMiyX formate, to mention just a few. Alcohols 

15 (alkanols, glycols, and eiromatic alcohols) useful in the practice of the present invention 
include methanol, ethanol, w-propanol, /^-o-propanol, ethylene glycol, propylene glycol, 
polyethylene glycol, polypropylene glycol, amyl alcohol and benzyl alcohol, to mention 
just a few. 

Aliphatic ketones useful in the practice of the present invention have the general 
20 formula Ri-C(0)-R2, wherein Ri and R2 are, independently, linear or branched alkyl 
groups, each having from 1 to 4 carbon atoms. Examples of aliphatic ketones include 
acetone, methyl ethyl ketone, and methyl wo-butyl ketone, to mention just three. 

Examples of aliphatic nitriles useful in the practice of the present invention 
include acetonitrile, propionitrile, and butyronitrile, to mention just three. 

25 Ethers useful in the practice of the present invention include both acyclic and 

cyclic aliphatic ethers. Acyclic aliphatic ethers have the general formula R1-O-R2, 
wherein Ri and R2 are as defined above. Examples of acyclic aliphatic ethers include 
diethyl ether, di-w-propyl ether, and ethyl w-propyl ether, to mention just a few. 
Tetrahydrofuran and the dioxanes are examples of cyclic aliphatic ethers useful in the 

30 practice of the present invention. 
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Dipolar aprotic solvents are well known to the skilled artisan. Dimethyl 
acetamide (DMAC), dimethyl formamide (DMF), N-methyl-2-pyrrolidone (NMP), 
acatamide, dioxane and dioxalane are examples of dipolar aprotic solvents useful in the 
practice of the present invention. 

5 Hydrocarbon solvents are organic compoimds, normally liquid at ambient 

temperature, that are poor solvents for macrolides. The hydrocarbon solvents can be 
aliphatic hydrocarbon solvents, or they can be aromatic hydrocarbon solvents. 

The aliphatic hydrocarbon solvents can be acyclic or they can be cyclic. Acyclic 
hydrocarbon solvents can be linear or branched and have the general formula CnH2n+2, 
10 where n is from about 5 to about 10. /i-Hexane, w-heptane, octane and wo-octane are 
examples of preferred acyclic aliphatic hydrocarbon solvents. Cyclohexane and 
methylcyclohexane are examples of cyclic aliphatic hydrocarbon solvents. Examples of 
aromatic hydrocarbon solvents include benzene, toluene, the xylenes, and the tetralins, to 
mention just a few. 

15 Any base, organic or inorganic, can be used in the practice of the present 

invention. Examples of inorganic bases include ammonia, alkali and alkaline earth metal 
hydroxides, bicarbonates, and carbonates, to mention just a few. The amines are 
examples of organic bases that can be used in the practice of the present invention. 

The present invention provides a method for crystallization and purification of a 
20 macrolide, preferably tacrolimus, sirolimus, pimecrolimus, or everolimus including the 
steps of: providing, in a crystallization vessel, a combination of a macrolide starting 
material, a polar solvent, a hydrocarbon solvent, and water, whereby a water rich phase is 
formed. A water-rich phase is a phase in with the majority of the solvent is water and can 
contain other solvents and solutes. The pH of the water-rich phase is or is adjusted to be 
25 about 7 or above, preferably about 8 or above. The pH can be adjusted by addition of 
base. 

The combination is provided, preferably with agitation, and is maintained at a 
temperatvire of between about -IS^'C to about SO^'C, preferably between about -5°C to 
about 40°C, most preferably between about -2°C to about 35°C for at least about 1 hour, 
30 preferably between about 48 to about 100 hours, whereby a macrolide-rich phase forms. 
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The manner in which the provided combination is assembled is irrelevant to the 
practice of the present invention. The components of the combination can be assembled 
in any order, or they can be assembled simultaneously. 

The combination of macrolide, polar solvent, hydrocarbon solvent, and water is 
5 provided in a crystallization vessel (crystallization space) provided with an agitator. The 
design and peculiar characteristics of the crystallization vessel are imimportant and the 
skilled artisan will know to select the crystallization vessel and agitator based on, among 
other things, the volimie of the combination and the process variables. 

At the start of the first crystallization time, the combination provided will include 
10 two or more phases, at least one of which is water-rich. The pH of the water-rich phase is 
about 7 or above, preferably about 8 or above. The pH of the water-rich phase can be 
constant throughout the total crystallization time, or it can be varied in the course of the 
crystallization time, provided the pH is always at least about 7 or above. 

The desired pH is established with the use of any available inorganic or organic 
15 base and the desired pH can be established in any manner or sequence. For example, the 
pH of the water used to assemble the combination can be adjusted, prior to assembly of 
the combination, with an inorganic or organic base. Thus, as used herein in connection 
with the combination provided, "water" will be understood to include dilute aqueous 
solutions (water solutions) of inorganic or organic bases, e.g., N/10 NaOHaq, N/10 KOH, 
20 N/10 Ca(OH)2, N/10 NHsaq, N/10 (C2H5)3Naq, N/10 diethylamine or triethyl amine, N/10 
pyridine etc. Base can be added before the water-rich phase is established by, for 
example, admitting a low-boiling amine, e.g. methylamine, before water is introduced. 
The skilled artisan will recognize a plethora of altematives to establishing the desired pH 
of the water-rich phase. 

25 The pH can be adjusted after the combination is assembled by adding inorganic 

base, neat, especially as a gas, or in solution in a suitable solvent, e.g. water. The pH can 
be adjusted in increments. For example, the pH of the water used to assemble the 
combination can be adjusted to, e.g., ca, 1 before the combination is assembled and, after 
assembly, the pH of the water-rich phase can be fiirther adjusted, e.g. to pH 8, by the 

30 addition of base, neat or in solution. 
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During the course of the total crystaUization time, at least one macroUde-rich 
phase develops, from which the macro lide crystallizes, substantially free of impurities. 
At the end of the total crystallization time, crystalline macrolide is isolated by any of the 
common methods, for example filtration (gravity or pressure-assisted) or centrifugation, 
5 to mention just two. The purity of the isolated crystalline macrolide rivals that of 
macrolide purified by multiple-pass chromatography. 

Li one embodiment, the combination provided is assembled by the steps of 
providing macrolide starting material that is a solution of macrolide, or a concentrate 
from macrolide extraction, preferably tacrolimus, sirolimus, pimecrolimus, or everolimus 
10 in a polar solvent and combining the solution, in any order, with hydrocarbon solvent and 
water. 

The solution provided can be made by any means or method. The concentration 
of the solution provided is not critical and will generally be between about 0.05 g/mL (g 
macrolide per mL polar solvent) and about 0.3 g/mL. The macrolide can come from any 
15 source and can be a solid, semi-solid, or an oil (especially an oil that is a residue from 
concentration of extract from a whole-broth extraction of macrolide-containing 
biomatter). 

The relative volumes of solution, water, and hydrocarbon solvent are not critical. 
Typically, the ratio of the volvraie of solution to the volimie of hydrocarbon solvent will 
20 be between about 1 :2 and about 1:10. The ratio of the volume of solution to the volimie 
of water will typically be between about 1 :8 to about 1 :25. 

The pH of the water-rich phase can be adjusted and the combination treated as 
described above. 

In another embodiment, the combination provided is assembled by combining, in 
25 any order, macrolide starting material, preferably tacrolimus, sirolimus, pimecrolimus, or 
everolimus starting material, hydrocarbon solvent, polar solvent, and water, wherein the 
tacrolimus starting material is an oily phase that is a concentrate obtained by 
concentrating a solution obtained by extracting macrolide-containing biomatter with a 
hydrophobic extraction solvent, especially wherein the hydrophobic extraction solvent is 
30 selected from the group consisting of C2-C6 linear and branched esters of acetic acid or 
formic acid, C3-C6 linear or branched aliphatic ketones, halogenated methanes, and 
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aromatic hydrocarbons that are liquid at 25^ C and that have a boiling point at 
atmospheric pressure less than about 150°C, wherein the extraction is at a temperature 
between about 2° C to about 70*" C, especially between about SO^^C and about 70°C, and 
at a pH of between about 5.5 and about 13, especially between about 7.5 and about 13, to 
5 obtain the solution of the macrolide in the hydrophobic extraction solvent. 

The oil (macrolide starting material) can first be combined with polar solvent or 
hydrocarbon solvent or water. The order is irrelevant to the practice of the present 
invention. The base required to establish the desired pH can be introduced at any point, 
or at several points prior to or during the crystallization time. The base can be introduced 
10 neat, or as a solution, e.g. a solution in water. 

The present invention, in certain of its embodiments, is illustrated by the 
following non-limiting examples. 

Example 1 : 

Extraction: 

15 Fermentation broth (22.2 m^) containing tacrolimus (3.42 kg) was extracted with 

6.4 m^ iso-butyl acetate at pH between 9.0-9.5. The iso-butyl acetate solution was 
washed with water at pH between 6.0-8.0. The washed iso-butyl acetate phase was 
concentrated to oily-like residue under reduced pressure at temperature between 40-45 

20 The oily-like residue was dissolved with iso-butyl acetate to a volume of 3 1 L. 

This concentrate was diluted with 167.5 L methanol and 18.6 L water. The water - 
methanol solution was washed with 139.6 L n-Hexane. The water-methanol phase was 
concentrated under reduced pressure to volume of 44 L, and the concentrate was diluted 
with 44 L water. 

25 The obtained mixture was extracted with 88 L ethyl acetate. The ethyl acetate 

extract was concentrated to volume of 22.4 L. 

Crystalhzation: 

This concentrate of ethyl acetate extract was combined with 158.4L 0.1 M 
aqueous triethyl amine solution and with 67.3 L n-Hexane. The mixture was stirred at 
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20'' - 25 °C for 3 hours. The mixture was let to stand at 0'' - 25 ""C for 48 hours (1 minute 
stirring every hour). 

The crystals formed were isolated by filtration and were suspended first in 83 L 
0,1 M aqueous triethyl amine solution and, second, in 83 L n-Hexane. The crystals were 
5 isolated by filtration. 

The crystals were dried at 40 °C under reduced pressvire. The dried crude 
tacrolimus had an assay 83 %. Cmde product contains 1 .9 kg tacrolimus. 

The yield of the crystallization step was 91 % . 

Example 2: 

10 In the following example, a macrolide (tacrolimus), as an oily concentrate fi-om 

whole-broth extraction of macrolide-containing biomatter, was combined with polar 
solvent, hydrocarbon solvent, and water containing a base. The combination was held at 
a crystallization temperature for a total crystallization time. At the end of the total 
crystallization time, the crystalline macrolide was isolated. The proportions of 

15 components, the process variables, and the results are collected in Table I. 
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Example 3: 

Fermentation broth containing ascomycin was processed according to example 1. 
The process resulted in 60 % yield for crude ascomycin. 



13 



